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Honorable Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 



Re: New U.S. Application 

of Bernd EHRENBERG and Matthias WERNICKE 
Entitled "PROCESS FOR PRODUCING A CONDUCTOR COMPRISING 

AT LEAST ONE CABLE BUNDLE" 
Our Ref.: 3926.009 

Dear Sir; 

Attached hereto is the application identified above including the specification and 
claims. The certified copy of the priority application will be filed at a later date. 

The Government filing fee is calculated as follows: 

25_ - 20 = _5_x $18 = $90.00 

_2_ - 3 = x $78 = $ 

$690.00 

TOTAL FILING FEE $780.00 

A check for the statutory filing fee of $780.00 is attached. Please charge or credit any 
difference or overpayment to Deposit Account No. 16-0877. The Commissioner is hereby 
authorized to charge any fees under 37 C.F.R. §1.16 and §1.17 which may be required 
during the entire pendency of the application to said Account. 
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VERIFICATION STATEMENT PURSUANT TO 37 C.F.R. §1.68 

Box: PATENT APPLICATION 

Honorable Commissioner of 
Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

I, Stephan A. Pendorf , declare and state the following: 

I am a citizen of the United States residing at 3940 
Venetian Way, Tampa, Florida; 

I have lived in Germany for 14 years and am familiar with 
both the German and English languages and have experience as a 
technical translator; 

The attached English- language document is a full, true and 
faithful translation made by me of the text of the attached 
German- language document identified with Attorney reference 
DaimlerChrysler AG FTP/U-NM/GO pl!1029/AP. 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may 
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jeopardize the validity of this application and of any patent 
issuing thereon. 
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DATE OF DEPOSIT: July 25, 2000 

I HEREBY CERTIFY that the foregoing VERIFICATION STATEMENT 
and a stamped receipt post card are being deposited with the 
United States Postal Service "Express Mail Post Office to 
Addressee" service under 37 C.F.R. §1.10 on the date indicated 
and is addressed: ATTN: Box PATENT APPLICATION, Commissioner of 
Patents and Trademarks, Washington, D.C. 20231. 

The Commissioner is hereby authorized to charge any 
additional fees which may be required at any ^ time during the 
prosecution of this application without specific authorization, 
or credit any overpayment, to Deposit Account Number 16-0877. 
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In re application of 
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PRELIMINARY AMENDMENT 

Box: PATENT APPLICATION 

Honorable Commissioner of 

Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Prior to examination of the above- identified application, 
please amend the application as follows: 

IN THE SPECIFICATION : 

Page 1, line 3, insert: 

--BACKGROUND OF THE INVENTION 

Field of the Invention- - ; 

Page 1, line 7, insert: 

--Description of the Related Art--; 

Page 1, line 20, insert: 

--SUMMARY OF THE INVENTION--; 

Page 1, delete the fourth full paragraph (lines 25-27) in 
it's entirety. 

Page 7, line 27, insert: 
- -BRIEF DESCRIPTION OF THE DRAWINGS - - 
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Page 8, line 7, insert: 
- -DETAILED DESCRIPTION OF THE INVENTION- - • 

IN THE CLAIMS : 

Page 18, line 1, please delete "PATENT CLAIMS " and insert 
therefore --What is Claimed is:-- 

Please amend the claims as follows: 

2. (Amended) Process according to Claim 1, [thereby 
characterized, that] wherein the laying out of the 
transmission line paths includes the positioning of end 
points (A1A, A1B through B3B) of transmission path segments 
(Bl through B3) . 

3. (Amended) Process according to Claim 1 [or 2], [thereby 
characterized, that] wherein the laying out of transmission 
line paths includes the positioning of branching points. 

4. (Amended) Process according to [one of] Claim [s] 1^ 
[through 3, thereby characterized, that] wherein the laying 
out of transmission line paths includes the positioning of 
cable securing points (FE) . 

5. (Amended) Process according to [one of] Claim [s] lj_ [through 
4, thereby characterized, that] wherein the laying out of 
transmission line paths includes the positioning of 
direction changing points (Ul) within a transmission line 
path segment (Bl) . 

6. (Amended) Process according to [one of] Claim [s] 1^ 
[through 5, thereby characterized, that] wherein the laying 
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out of transmission line paths includes the positioning of 
connectors (Tl through T5 or as the case may be SI through 
S5) . 

7. (Amended) Process according to Claim 6, [thereby 
characterized, that] wherein the positioning of connectors 
(Tl through T5, SI through S5) includes the insertion of 
disconnect points along the path of the transmission lines 
between the devices . 

8. (Amended) Process according to [one of] Claim [s] lj_ [through 

7, thereby characterized, that] wherein the laid out 
transmission line paths are reflected as changes in the 
description of the mechanical structure. 

9. (Amended) Process according to [one of] Claim [s] lj_ [through 

8, thereby characterized, that] wherein the connection 
elements (Tl through T5, SI through S5) introduced as 
disconnect points are data transferred to the description of 
the wiring plan of the electrical system. 

10. (Amended) Process according to [one of] Claim [s] lj_ [through 

9, thereby characterized, that] wherein the conflict check 
includes the electro-magnetic compatibility of transmission 
lines bundled together in one segment of a cable bundle 
(KBO, KBU) . 

11. (Amended) Process according to [one of] Claim [s] lj_ [through 

10, thereby characterized, that] wherein the conflict check 
includes the determination of the signal attenuation of 
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transmission line paths and the comparison thereof with 
acceptable values . 

12. (Amended) Process according to [one of] Claim [s] lj_ 
[through 11, thereby characterized, that] wherein the 
conflict check includes recognition of passages of 
transmission lines mapped through walls without disconnect 
points . 

13. (Amended) Process according to [one of] Claim [s] lj_ 
[through 12, thereby characterized, that] wherein one or 
more of the process steps are carried out by at least two 
different programs capable of running on the data processor 
and that data is exchanged between the various programs via 
files with compatible data formats. 

14. (Amended) Process for checking the electro-magnetic 
compatibility of multiple transmission lines of an 
electrical system joined together in a cable bundle (KBO, 
KBU) , each with pre -determined electrical characteristics, 
in particular according to [one of the preceding claims] 
Claim 1 , with the following characteristics: 

a) pre-classifying a number of transmission line types; 

b) pre-defined criteria for incompatibility of 
transmission line type combinations; 

c) assigning transmission lines of a cable bundle (KBO, 
KBU) of an electrical system respectively to one of the 
pre-classif ied transmission line types; 
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d) checking the transmission lines that are assembled in a 
cable bundle (KBO, KBU) according to the criteria for 
the incompatibility of transmission line types, and in 
the case of a recognized incompatibility, producing a 
conflict signal. 

15. (Amended) Process according to Claim 14, [thereby 
characterized, that] wherein the transmission line type and 
the criteria for the incompatibility of transmission line 
types are pre-defined independent of any actual or concrete 
system. 

16. (Amended) Process according to Claim 14 [or 15], [thereby 
characterized, that] wherein signal forms are taken into 
consideration as a classification characteristic in the pre- 
classif ication of the transmission line types. 

17. (Amended) Process according to [one of] Claim [s] 14 [through 
16] , [thereby characterized, that] wherein the electro- 
magnetic radiation of the transmission line types is taken 
into consideration as a classification characteristic in the 
pre-classif ication of transmission line types. 

18. (Amended) Process according to [one of] Claim [s] 14 [through 
17] , [thereby characterized, that] wherein in the pre- 
definition of transmission line types the sensitivity of 
devices (Gl through G6) , connected as transmission 
receivers, to disturbances on the connection transmission 
lines (Vij) is taken into consideration as a classification 
characteristic . 
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19. (Amended) Process according to [one of] Claim [s] 14 
[through 18] , [thereby characterized, that] wherein 
transmission frequency ranges are taken into consideration 
as a classification characteristic in the pre-classif ication 
of transmission line types. 

20. (Amended) Process according to [one of] Claim [s] 14 [through 
19] , [thereby characterized, that] wherein among the 
criteria for incompatibility of transmission line type 
combinations there are included logical operations 
associated with the presence of various transmission line 
types . 

21. (Amended) Process according to [one of] Claim [s] 14 [through 
20] , [thereby characterized, that in] wherein the criteria 
for incompatibility of transmission line type combinations 
takes into consideration the number of transmission lines of 
the same transmission line type. 

22. (Amended) Process according to [one of] Claim [s] 14 [through 
21] , [thereby characterized, that] wherein the conflict 
signal includes information regarding the type of 
incompatibility . 

23. (Amended) Process according to [one of] Claim [s] 14 [through 
22] , [thereby characterized, that] wherein in the case of 
conflict the incompatible transmission line is individually 
identified. 
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24. (Amended) Process according to Claim 23, [thereby 
characterized, that] wherein the incompatible transmission 
lines are indicated in a transmission line list using a 
specific manner of representation or with a particular 
marking. 

Please add the following new claim: 

--25. Process according to Claim 1, wherein said cable wiring 

structure is a cable harness. 



The specification and claims have been amended to conform 
the original translated specification and claims to U.S. 
requirements, i.e., appropriate section headers are added, 
reference in the specification to the claims have been amended in 
order to eliminate multiple dependent claims and claims 
improperly depending from multiple dependent claims, and to 
otherwise conform the claims to U.S. practice. Care has been 
taken to ensure that no new matter is added to the text. 

Entry and favorable consideration prior to consideration are 
respectfully requested . 
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PENDORF & CUTLIFF 
P.O. Box 20445 
Tampa, Florida 33622-0445 
(813) 886-6085 
Date: July 25, 2000 
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"EXPRESS MAIL" MAILING LABEL NUMBER: EL568148462US 
DATE OF DEPOSIT: July 25, 2000 

I HEREBY CERTIFY that the foregoing PRELIMINARY AMENDMENT is 
being deposited with the United States Postal Service "Express 
Mail Post Office to Addressee" service under 37 CFR 1.10 on the 
date indicated and is addressed: ATTN: BOX PATENT APPLICATION, 
Commissioner of Patents and Trademarks, Washington, D.C. 20231. 

The Commissioner is hereby authorized to charge any 
additional fees which may be required at any time during the 
prosecution of this application without specific authorization, 
or credit any overpayment, to Deposit Account Number 16-0877. 
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PROCESS FOR PRODUCING A CONDUCTOR 



COMPRISING AT LEAST ONE CABLE BUNDLE 



The invention concerns a process for producing a conductor 
5 comprising at least one cable bundle, such as by laying out a 
cable wiring path or designing a cable interconnection layout. 

In facilities wherein a plurality of interconnected electrical 
devices are arranged within a mechanical structure, the 

10 connections between devices are frequently established using 
separately manufactured cable bundles. These cable bundles are 
subsequently introduced into the mechanical structure and 
connected using connectors associated with the devices being 
connected. Such procedures are particularly typical in vehicles 

15 such as automobiles and airplanes. The mechanical arrangement, 
typically including the positions of the devices, is 
predetermined and the cable harness is adapted to this 
predetermined arrangement. A logical wiring diagram for the 
electrical system maps the connections in detail. 



The object of the present invention is to provide a process which 
utilizes a data processing system to generate a complete cable 
wiring layout . 

25 The invention is described in Patent Claim 1. The dependent 
claims concern advantageous embodiments and further developments 
of the invent ion . 

Important aspects of the invention include, on the one hand, the 
30 simplified development of a cable wiring layout through 
simultaneous modeling of the mechanical structure and 
interconnection lines, and on the other hand, the testing as to 
whether the so designed cable wiring layout would experience 
possible conflicts (incompatibilities) relative to preset 
35 restrictions, in particular restrictions on the electrical 



20 
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system. In particular, such restrictions can result from 
incompatibilities of certain transmission lines on the basis of 
the excessive coupling of interference signals, maximum 
transmission attenuation along a transmission line, etc. These 
5 conflict checks preferably occur entirely in the data processor 
during the design or developmental phase, so that conflicts can 
be recognized and the design appropriately modified. It is 
particularly advantageous that the restriction criteria are kept 
relatively simple, and since the operating system carries out the 
10 steps of laying out the cable paths and assigning disconnection 
points to these wiring diagrams, no complex technical knowledge 
or formulas need to be programmed. 

Particularly with respect to checking for conflicts, it is 
3 15 envisioned that the various processing steps are provided in 
l ri separate program modules that have shared or common access to 
s » data files or that exchange data via the exchange of files. This 

is achieved by using files that have a file format that is 
^7 compatible or convertible for use with all associated program 

« 20 modules. This is also particularly significant for the 
R electrical characteristics of the wiring structure, for which a 

rij separate program module can have particular advantages. For 

\M example, such a program module can carry out conflict checks with 

\i respect to the electromagnetic compatibility of the transmission 

25 lines, with respect to transmission attenuation, among other 
things, and/or a selection or assignment of transmission line 
types and/or connector elements and/or securing elements. 
Transmission line types are discussed later and are not to be 
confused with cable types. The former is characterized by 
30 electrical parameters (or optical parameters in the case of 
optical fibers) , particularly with respect to electromagnetic 
coupling characteristics, transmission types, etc., while the 
later is concerned with the characteristics of the physical 
structure such as cross section, constraints on radius of 
35 curvature, etc. The assignments that are made for the mechanical 



structure and the cable layout are performed in a program or 
program module that is separate from the main program are then 
again fed back to the main program or to another program module 
for further processing. For example, a certain cable type may be 
5 specified for a given line of a wiring path segment, e.g. a cable 
with a shielded jacket, and that configuration can be tested anew 
as to whether the minimal radius of curvature of the newly input 
cable type is compatible with the directional changes within the 
wiring path segment. 

10 

More specifically, such a main program can be a CAD-program for 
the design of the mechanical structure and a further program can 
be a program for the design of the wiring diagram or layout. It 
is, however, preferred to provide as the main program a program 

15 with CAD functionality of reduced scope and a separate CAD- 
program for the design of the mechanical structure. In this way, 
no access into basic CAD program is necessary and the main 
program can be universally employed. The functions of the 
program referred to above as the main program can, however, also 

20 be integrated in the basic CAD program for the mechanical design, 
for example, as a supplemental module or plug- in. 

The laying out and assignments during the design of the 
transmission line structure can also influence the mechanical 
25 design itself, for example, when considering securing elements 
for the cable bundles or when considering wall cut-outs for the 
passing-through of a cable bundle or for insertion along the 
wiring path. Such changes must then again be checked for 
mechanical acceptability . 

30 

Each change in the design of the cable harness made in response 
to a recognized conflict can again bring about a new conflict 
with respect to different criteria. Multiple data exchange 
dialogs can then occur in the case of multiple separate program 
35 modules until a design is formulated which is evaluated and 
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confirmed as acceptable by the user and which is then employed 
for the realization of the cable wiring layout in the form of one 
or more cable bundles. The cable wiring layout resulting from 
the design process is preferably incorporated into the 
5 description of the mechanical structure, so that in the presence 
of the cable harness can be taken into consideration in case of a 
possible later change of the mechanical structure. Likewise, 
changes in the layout of the transmission lines, in particular in 
the form of connectors as disconnect points with specified 
10 contact assignments, can be incorporated in the logical wiring 
diagram of the electrical system. 

The laying out of the connecting transmission line paths in the 
model, which is preferably in the form of a three-dimensional 

15 representation in accordance with a preferred embodiment of the 
invention, begins with an image of the connecting transmission 
line paths between connector elements of the devices in the form 
of straight lines of shortest possible connection paths, without 
taking the mechanical structure into consideration. The 

20 positions of the connector elements can be fixed on the devices 
depending upon the design and orientation of the devices or, in 
certain cases, can be positioned by the user. 

The layout of the transmission line paths preferably takes the 
25 form of assembled transmission line path segments (bundles) with 
respectively uniform or standardized conductor grouping within a 
segment. Transmission line path segments can preferably be laid 
out by establishing segment end points in the image display of 
the mechanical structure as well as, for example, inputting 
3 0 points where a path changes direction. A realistic cable path is 
provided between adjacent end points or, as the case may be, 
direction changing points in the course of a transmission line 
path segment, by guiding the transmission line in a direct path 
taking into consideration the final cable curvature at the 
35 direction changing points and unbundling or branching off points, 



and cable curvatures are represented by, for example, a path 
definition that is continuous up to the second differentiation of 
the length of the cable bundle divided into a number of segments. 
The directional change radius can take into consideration 
5 restrictions of both the mechanical structure as well as 
restrictions or constraints of the cable types assigned to the 
transmission line path segment. 

Transmission line path segment end points can be mapped to cable 
10 end points on the devices, to cable tying-up or bundling points 
and to disconnect points with connectors . Cable bending during 
installation is sometimes precluded since, in certain cases, the 
finished cable bundles are not very flexible due to the fact that 
the cable bundle is tied together. In the case of inflexible 
15 cable bundles, the cable bundles are prepared using deflections 
and tie points that are precisely determined according to bending 
radius and angle during development. 

The conflict check preferably includes a determination of the 
20 compatibility of the transmission lines assembled into a cable 
bundle for a given path segment . Criteria therefore can include 
for example that 

a total amperage is not to be exceeded within a transmission 

25 line segment. 

control or sensor transmission lines for particularly 
sensitive, critical functions are not bundled together in a 
common transmission line path segment with transmission 
lines of certain signal types. 

30 - interference- sensitive transmission lines are not bundled 
together with interference or noise radiating transmission 
lines in a cable bundle of a transmission line path segment. 

A particularly advantageous process for carrying out automated 
35 conflict testing, that is, evaluation not by the user but rather 
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by preprogrammed process steps, envisions defining and 
predetermining various criteria for certain individual 
characteristics and rejection logic, and inputting those criteria 
into a matrix table. For the design of a cable bundle that 
5 begins with the bundling of transmission lines into transmission 
line path segments, a check can easily be carried out by checking 
a transmission line path segment for satisfaction of individual 
criteria on the basis of the predetermined values for the cable 
types and transmission line types, using the definitions of the 
10 electrical system, and from the predetermined rejection logic it 
can be recognized whether an incompatibility exists. In certain 
cases, the involved criteria and/or transmission lines can be 
indicated in the case of the recognition of a conflict . 

15 The conflict testing can be carried out in a simple manner 
schematically and, in particular, automatically without 
evaluation or intervention by the user. In particular, a number 
of types of conductors can be classified, for example, as 
electromagnetic radiation sensitive or as particularly radiation 

20 emissive transmission lines within a general frequency range, and 
the individual transmission lines of the electrical system can be 
categorized into one or more of those types. The conflict 
criteria can then be either applied to the respective 
transmission line groups of a given cable bundle or, in certain 

25 cases, to a given transmission line path segment of a branched 
cable bundle. It is particularly advantageous that the 

specification of conductor types and/or the predefining of 
conflict criteria can occur independently of the existence of a 
actual cable harness or cable bundle, and that the process can 

3 0 thus be carried out particularly economically on a data 
processor. In particular, the conflict criteria could be 
predefined in the form of logical operations of some existing 
line types and thereby be simply tested automatically. After 
such predef initions or classification schemes are determined 

35 once, they can then be applied to various cable bundles without 



modification and, for example, be valid globally for an entire 
group of objects and/or within a project. It is possible to 
adapt to special project requirements, with one and the same 
program structure, by the simple redefinition of wiring types and 
5 criteria. 

The conflict testing can preferably further encompass additional 
criteria besides the testing of electromagnetic compatibility of 
bundled transmission lines, and in particular the testing can 

10 include, among other things, the checking of transmission line 
lengths, checking of transmission attenuation between two 
devices, checking of bend radius in the course of the 
transmission line path, checking of mechanical integrity in the 
case of transmission lines passing through wall openings with or 

15 without disconnect plugs/sockets, and checking to determine if 
acceptable cross -sections of securing points are exceeded. 

A recognized incompatibility within a cable bundle or a segment 
thereof triggers the generation of a conflict signal, which is 

2 0 generated preferably along with information regarding the type of 
incompatibility and/or the individual transmission lines 
involved, and preferably appears in the image display or 
representation of the assembly indicating the conductor path 
and/or in a listing of the individual circuits, for example using 

25 a special manner of indication (for example color, blinking 
indicator, marker) . 

The invention is described below in greater detail on the basis 
of preferred embodiments and with reference to the drawings . 
30 There is shown in: 

Fig. 1 a 3-D representation of the mechanical structure with 
symbolic transmission lines. 
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Fig. 2 



the arrangement according to Fig. 2 with partially laid 
out transmission line path segments and the therewith 
associated transmission lines. 



5 Fig. 3 two cable bundles as a cable wiring layout for the 
transmission lines. 

In the mechanical assembly shown in Fig. 1, multiple devices Gl 
through G6 are provided in fixed positions on the upper side PLO 

10 and the lower side PLU of a presumptively continuous plate or 
sheet PL, shown broken-off in the figure, wherein the devices Gl 
through G6 are intended to belong to an electrical system and to 
be electrically interconnected via transmission lines Vi j , 
wherein i and j each indicate one of the two devices connected by 

15 the transmission line Vi j . The illustrated assembly is greatly 
simplified in comparison to an actual assembly and serves 
essentially for demonstrating the principal concept in accordance 
with the invention. 

20 Connectors Tl through T5 are provided on the devices Gl through 
G6 associated with the electrical system, of which the function 
is not relevant to this general discussion, which connectors are 
connected to appropriate mating-pieces of the generated cable 
wiring layout, particularly in the form of plug connectors, which 

25 could however be clamp connectors, soldered connectors, etc. It 
is also possible that multiple separate connectors Tn could be 
associated with a single device. As for connectors Tl through T5 
a limited number of types are available, which number is again 
further limited depending on the type and number of electrical 

30 connections for the individual connectors Tl through T5 . 
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The position of a connector Tl through T5 on a device Gl through 

G6 can either depend upon the design of the device Gl through G6 

or can be selected within limits by the user. The positioning by 
the user can be specified in a conventional manner by direct 
5 position input via a keyboard, via 2-D input devices (mouse, 
track ball) or 3-D input devices, preferably with representation 
of a moveable marker (cursor) upon the image. Insofar as a 
multiplicity of element types are selectable by the user, the 
selection can occur with the aid of a type list and/or with the 
10 aid of an icon. 

In the logical wiring diagram of the electrical system the multi- 
wire transmission lines Vij can preferably be simultaneously 
mapped to connectors Tl through T5 on the device side, preferably 

15 with assignment of specific contact locations to the individual 
wires. It is also possible for the user to assign transmission 
lines and/or individual wires to one of the connectors Tl through 

T5 . 

2 0 A display of the transmission line Vij in the diagram of the 

mechanical structure can be generated automatically using the 
data already available as files or tables of the logical wiring 
plan for a given arrangement of the transmission lines Vij to the 
device-side connectors Tl through T5, This diagram is 

25 preferably in the form of straight lines between the connectors 
Tn of the various devices Gl through G6 connected by the 
transmission lines Vij and is generated after matching one of the 
connectors Tn represented in the diagram with one of the 
connectors Tn present in the logic wiring plan of the electrical 

3 0 system or after assignment of transmission lines or wires to an 

indicated connector Tn. In this display, the connector 
transmission lines Vij form short paths between two connected 
connectors Tl with T3 or, as the case may be Tl with T2, without 
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taking into consideration the mechanical structure, which as a 
rule does not permit such direct connector paths. The various 
connecting transmission lines can advantageously be represented 
in the display by using differing colors and/ or shapes. In the 
display according to Fig. 1 the connecting transmission lines Vij 
are represented by interrupted or dashed lines, and in covered- 
over areas by dotted lines. 

It may well be possible at this point to carry out a conflict 
check for the symbolically represented connector transmission 
lines Vij , however this is not necessary, since these 
transmission line paths have no geometric relation to the shape 
of the one or more cable bundles of the cable layout to be 
produced . 

The user can define wiring paths in the display, whereby 
preferably the size of the displayed segment as well as the 
direction from which the object is viewed can be varied using a 
keyboard and/or other input devices. To accomplish this, for 
example, end points for the transmission line segments can be 
positioned upon the surfaces of the displayed mechanical 
arrangement, and connector path segments between those two end 
points can be defined. Transmission line path segments, which as 
a rule are presumed to be a straight line between two end points, 
can, however, also be broken down into multiple, sequentially 
connected segments and form a curved path by plotting or 
positioning of direction changing points. This advantageously 
allows a continuous connector path definition to occur from 
inception, as already described. Curved path segments could also 
be selected. At the path direction changing points the radius of 
bending, among other things, can be defined, which, however, for 
a completed cable bundle can be set to correspond automatically 
to the minimal bending radius for the bundled cable. 



- 10 - 



One special case for the laying out of the transmission line 
paths is the case of having to connect through a closed surface 
that exists in the design of the mechanical architecture. For 
this case it can advantageously be envisioned that the user can 
use a cursor to input the position for a surface breakthrough, 
through which either a cable bundle can be guided or at which a 
disconnect point can be introduced in the transmission line path 
in the form of a plug connection or the like. It is preferred to 
use a junction box or plug with receptacles on both sides of the 
surface to be broken through rather than simply passing the cable 
through an opening, particularly when the cable bundle segment to 
be passed through is long and/or branched and thus is difficult 
to manipulate. A plug type connection is preferred when the 
surface provides a separating or barrier function between two 
spaces and, for example, is designed to be pressure tight or to 
serve as an explosion shield. A disconnect point can 

alternatively also be provided in a transmission line guide path 
in order to divide a complex structure into multiple cable 
bundles of lower complexity. The placement of a separation point 
with a connector element does not require the a priori definition 
of the type of separation point, but rather the definition can be 
as a disconnect point per se (generic connector element) which 
can later be assigned a specific type. The placement of a 
surface opening is to be checked for mechanical acceptability, 
which can, for example, lead to a conflict. The user's simply 
moving the position of the opening to a suitable location, 
however, can then overcome that conflict. The checking for 
mechanical acceptability can occur either in the program creating 
the display, or by data exchange with a special program or 
program module that can, in particular, be the mechanical design 
CAD-program. As a result of the quick response to impermissible 
incursions in the mechanical structure, corrections can be 
quickly undertaken, avoiding the need for extensive and 
fundamental changes in an already finished wiring diagram. 
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Other mechanical modifications attributable to the positioning of 
transmission line paths can include, for example, user 
posit ionable securing elements FE, in which case checks should 
simultaneously be made for the mechanical suitability, for 
example, with respect to the connection to a load bearing surface 
or another load bearing element of the mechanical design using 
screws, rivets, adhesives, etc., or with respect to the load 
bearing ability of the mechanical connecting point, the load 
bearing surface or another load bearing element. 

Fig. 2 shows an intermediate stage in the designing of the cable 
wiring layout, wherein a first transmission line path segment Bl 
is defined between end points A1A and A1B, a second transmission 
line path segment B2 is defined between end points B2A and B2B 
and a third transmission line path segment B3 is defined between 
end points B3A and B3B. Further, a disconnect point is defined 
as plug- in connector WS in an opening introduced though the plate 
PL. The first transmission line path segment Bl is curved at a 
direction-changing point Ul. The three transmission line path 
segments Bl, B2 and B3 meet at a branch point, in which the end 
points A1B of the first transmission line path segment, B2A of 
the second transmission line path segment, and B3A of the third 
transmission line path segment Bl, B2 or B3, respectively, 
intersect. The third transmission line path segment B3 goes from 
the branch point to the connecting element WS. 

The transmission line path segments Bl, B2 and B3 can, 
immediately after being laid out, be assigned connecting 
transmission lines Vij according to Fig. 1, which again can be 
input by the user via the conventional operating elements. The 
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placement or positioning can also be undertaken only for a part 
of the wires of a multi-wire connector line Vij. Upon assignment 

of a connecting transmission line Vij to a transmission path 
segment Bl # B2 or B3, the display is preferably automatically 

5 changed in such a manner that the symbolic connecting 
transmission line Vij no longer runs between the fixed connection 
points in the connection elements Tn of the devices Gl through 

G6, but rather from these connection points Tn to respectively 

one of the end points A1A, A1B ♦ . . B3B of the transmission line 

10 path segment Bl, B2 or B3, that is for example from connection 

point Tl on device Gl to end point A1A of the first transmission 

line path segment. 

In the example illustrated in Fig, 2 the connecting transmission 
15 lines V12, V13, V14 and V15 are assigned to the first 
transmission line path segment Bl, whereby all connecting lines 
V12 through V15 emanating from connection element Tl of device Gl 
are bundled in this transmission line path segment Bl, and thus 
one single symbolic transmission line Vij can represent the path 
20 from connection element Tl to end point A1A of the first 
transmission line path segment Bl . The connection lines V12, V13 
and V34 are assigned to the second transmission line path segment 
B2, and the connection lines V14, V15 and V34 to the third 
transmission path segment B3 . 

25 

The three transmission line path segments Bl through B3 contain 
therewith respectively different combinations of connecting 
transmission lines Vij , and are thus also respectively 
individually to be checked for compliance with respect to the 
30 bundled conductor types for electrical or, as the case may be, 
electro-magnetic criteria. One such check can occur in the 
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program or program module that controls the displayed image with 
the possibility of the mapping of the transmission line path. 
This same program or program module can, for example, also be 
programmed to generate the mechanical layout, or the check could 
occur in a separate program or module which, for example, can 
also be programmed to design the logical wiring plan of the 
electrical system. Automatically checking each change in the 
transmission line layout and transmission line organization 
immediately for compatibility can be advantageous, particularly 
in the first mentioned case, or also, in particular in the second 
mentioned case, checking for compatibility of bundled 
transmission lines can be performed only upon request of the 
operator. For the connection element WS at the disconnect point 
extending through the plate PL, an element type can be selected 
from among those remaining as eligible after the specification of 
the type and number of the transmission lines to be connected 
therethrough, or it could be selected by the user by using, for 
example, a specially dedicated program for the design of the 
electrical wiring plan. A selected element type for the 
connector element is again checked for suitability with respect 
to the mechanical structure. 

The connecting transmission lines represented symbolically in 
Fig. 2 and that are not mapped can, in an appropriate manner, be 
positioned or mapped into other transmission line path segments 
completing the cable harness. Under the assumption that no 
unsolvable conflicts of electrical, electro-magnetic or 
mechanical manner occur, a finished cable wiring layout results, 
for example, with two separate cable bundles KBO and KBU, as 
sketched in Fig. 3. The cable bundle KBU situated on the lower 
side of the plate PL with connector elements S4 and S5 adapted to 
the connectors Tn of devices G4 and G5 on the ends of the cable 
harness and the cable bundle KBO situated on the upper side PLO 
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* t 

of plate PL are connectable to each other with elements SWU and 
SWO via the element extending through the plate as well as 
element WS seated in the plate opening, and thereby forming the 
overall electrical cable layout. 

5 

Checking for electrical and electro-magnetic compatibility of 
multiple transmission lines Vij bundled together in a 
transmission line path segment Bl through B3 preferably 
presupposes a classification, into one or more transmission line 
10 types, of the connection transmission lines Vij, their wires 
individually or multiple wires connected into groups. Examples 
of pre-specif ied transmission line types are: 



Type 


Description 


KE 


Electro-magnetic emitting 


KS 


Sensitive to electro-magnetic radiation 


KX 


Electro-magnetic emitting and sensitive to 
electro-magnetic radiation 


KC 


Transmission line with sensitive data transfer 


KA 


Particularly critical transmission line 


KN 


Neutral line (no incompatibilities) 







15 

With such pre-defined transmission line types and subsequent 
classification of individual transmission lines Vij into the 
transmission line types, compatibility checking of bundled 
transmission lines Vij can particularly be formulated simply by 
20 correlating a set of the transmission line types occurring in a 
bundle VBO, KBU or transmission line types occurring in a bundle 

segment and by considering the number of such line types. An 
example of some combinations are set up in the following table 
and pre-defined as incompatible: 

25 
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Type: 


KE 


KS 


KX 


KC 


KA 


KN 


Condition 




>0 


>0 










KE>0 and KS>0 








>1 








KX>1 




>0 






>0 






KE>0 and KC>0 




>0 








>0 




KE>0 and KA>0 








>0 




>0 




KX>0 and KA>0 





The condition >0 for a transmission line type is satisfied when 
at least one transmission line Vij of this type is present in the 
5 bundle KBO or KBU being examined. Also, multiple transmission 
lines Vij of the same type may be incompatible with each other. 
Such a situation is shown in the above example for the condition 
KX>1, that is, two or more transmission lines Vij of the 
transmission line type KX. 

10 

A recognized incompatibility can be overcome by changing the 
transmission line path with which a given transmission line is 
associated. In certain cases a recognized incompatibility can 
even be overcome by reassigning to the transmission line a 
15 different transmission line type, for example by replacement or 
substitution of an unshielded line with a shielded transmission 
line . 

The particular advantage of the method involving the pre-defined 
20 simple logic and/or numeric conditions lies in the independence 
of the objects of such a pre-def inition . In particular the 
testing criteria can be globally applied, without modification, 
to all of the various transmission line path segments of the 
transmission line combination. Further, a checking or testing 
25 based on such pre-def initions can, because of the simple 
formulation of the parameters or conditions, be performed for 
each change of assignment of a transmission line to a different 
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transmission line path segment, and the changed assignment can be 
quasi immediately newly evaluated. 

The characteristics described above and set forth in the claims 
can be advantageously realized both individually as well as in 
various combinations. The invention is not limited to the 
described illustrative embodiment, but rather can be freely 
modified within the realm of the ability of those of ordinary 
skill in the art. 
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Patent Claims 



1. Process for laying out a cable wiring structure comprising 
one or more cable bundles (KBO, KBU) for an electrical 
system in a mechanical structure, the process involving a 
data processor, wherein the electrical system includes 
multiple devices (Gl through G6) distributed about the 
mechanical structure, which devices are interconnected 
electrically via the cable wiring structure and device- 
associated connectors (Tl through T5 or, as the case may be, 
SI through S5) , with the following characteristics: 

a) displaying a design for a mechanical structure as an 
image using the data processor; 

b) combining a wiring layout for the electrical system in 
the form of a transmission line data set with the 
representation of the mechanical design in such a 
manner, that connector elements (Tl through T5 or as 
the case may be SI through S5) are positioned on the 
devices (Gl through G6) and connection transmission 
lines (Vij) are drawn therebetween; 

c) laying out transmission line paths within the 
representation of the mechanical structure using user 
input devices, and assigning the connection 
transmission lines (Vij) to these transmission line 
paths ; 

d) checking the layout and assignments made according to 
c) for conflicts using pre-determined mechanical and/or 
electrical restriction criteria, and indicating 
conflicts ; and 
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e) further utilizing the representation of the 
transmission line paths with complete assignment of the 
connection transmission lines (Vij) to transmission 
line path segments (Bl through B3) , in certain cases 
after repeated carrying out of the steps c) and d) , as 
designs for one or more cable bundles (KBO, KBU) with 
connector elements (Tl through T5 or as the case may be 
SI through S5) . 



2. Process according to Claim 1, thereby characterized, that 
the laying out of the transmission line paths includes the 
positioning of end points (A1A, A1B through B3B) of 
transmission path segments (Bl through B3) . 

3* Process according to Claim 1 or 2, thereby characterized, 
that the laying out of transmission line paths includes the 
positioning of branching points. 

4. Process according to one of Claims 1 through 3 7 thereby 
characterized, that the laying out of transmission line 
paths includes the positioning of cable securing points 
(FE) . 

5. Process according to one of Claims 1 through 4, thereby 
characterized, that the laying out of transmission line 
paths includes the positioning of direction changing points 
(Ul) within a transmission line path segment (Bl) . 

6. Process according to one of Claims 1 through 5, thereby 
characterized, that the laying out of transmission line 
paths includes the positioning of connectors (Tl through T5 
or as the case may be SI through S5) . 



- 19 - 



Process according to Claim 6, thereby characterized, that 
the positioning of connectors (Tl through T5, SI through S5) 
includes the insertion of disconnect points along the path 
of the transmission lines between the devices. 

Process according to one of Claims 1 through 7, thereby 
characterized, that the laid out transmission line paths are 
reflected as changes in the description of the mechanical 
structure . 

Process according to one of Claims 1 through 8, thereby 
characterized, that the connection elements (Tl through T5, 
SI through S5) introduced as disconnect points are data 
transferred to the description of the wiring plan of the 
electrical system. 

Process according to one of Claims 1 through 9, thereby 
characterized, that the conflict check includes the electro- 
magnetic compatibility of transmission lines bundled 
together in one segment of a cable bundle (KBO, KBU) . 

Process according to one of Claims 1 through 10, thereby 
characterized, that the conflict check includes the 
determination of the signal attenuation of transmission line 
paths and the comparison thereof with acceptable values. 

Process according to one of Claims 1 through 11, thereby 
characterized, that the conflict check includes recognition 
of passages of transmission lines mapped through walls 
without disconnect points. 

Process according to one of Claims 1 through 12, thereby 
characterized, that one or more of the process steps are 
carried out by at least two different programs capable of 
running on the data processor and that data is exchanged 
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between the various programs via files with compatible data 
formats . 

14. Process for checking the electro-magnetic compatibility of 
multiple transmission lines of an electrical system joined 
together in a cable bundle (KBO, KBU) , each with pre- 
determined electrical characteristics, in particular 
according to one of the preceding claims, with the following 
characteristics : 

a) pre-classifying a number of transmission line types; 

b) pre-defined criteria for incompatibility of 
transmission line type combinations; 

c) assigning transmission lines of a cable bundle (KBO, 
KBU) of an electrical system respectively to one of the 
pre-classif ied transmission line types; 

d) checking the transmission lines that are assembled in a 
cable bundle (KBO, KBU) according to the criteria for 
the incompatibility of transmission line types, and in 
the case of a recognized incompatibility, producing a 
conflict signal. 

15. Process according to Claim 14, thereby characterized, that 
the transmission line type and the criteria for the 
incompatibility of transmission line types are pre-defined 
independent of any actual or concrete system. 

16. Process according to Claim 14 or 15, thereby characterized, 
that signal forms are taken into consideration as a 
classification characteristic in the pre-classif ication of 
the transmission line types. 
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17. Process according to one of Claims 14 through 16, thereby 
characterized, that the electro-magnetic radiation of the 
transmission line types is taken into consideration as a 
classification characteristic in the pre-classif ication of 
transmission line types. 

18. Process according to one of Claims 14 through 17, thereby 
characterized, that in the pre -definition of transmission 
line types the sensitivity of devices (Gl through G6) , 
connected as transmission receivers, to disturbances on the 
connection transmission lines {Vi j ) is taken into 
consideration as a classification characteristic. 

19. Process according to one of Claims 14 through 18, thereby 
characterized, that transmission frequency ranges are taken 
into consideration as a classification characteristic in the 
pre-classif ication of transmission line types. 

20. Process according to one of Claims 14 through 19, thereby 
characterized, that among the criteria for incompatibility 
of transmission line type combinations there are included 
logical operations associated with the presence of various 
transmission line types. 

21. Process according to one of Claims 14 through 20, thereby 
characterized, that in the criteria for incompatibility of 
transmission line type combinations takes into consideration 
the number of transmission lines of the same transmission 
line type. 

22. Process according to one of Claims 14 through 21, thereby 
characterized, that the conflict signal includes information 
regarding the type of incompatibility. 
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23. Process according to one of Claims 14 through 22, thereby 
characterized, that in the case of conflict the incompatible 
transmission line is individually identified. 

24. Process according to Claim 23, thereby characterized, that 
the incompatible transmission lines are indicated in a 
transmission line list using a specific manner of 
representation or with a particular marking. 
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Abstract of the Disclosure 



PROCESS FOR PRODUCING A CONDUCTOR COMPRISING 
AT LEAST ONE CABLE BUNDLE 



A process for designing a cable wiring path, or producing a cable 
interconnection layout in the form of one or more cable bundles 
is proposed, wherein electrical, electro-magnetic and mechanical 
incompatibles of proposed changes can be detected early and 
overcome as necessary, in certain cases by multiple iterative 
checking and changing of transmission line paths within a 
mechanical structure. By data exchange between specialized 
programs for mechanical characteristics on the one hand and 
electrical characteristics on the other hand and, in certain 
cases, multiple data dialogs, a cable harness in the form of one 
or more cable bundles can be designed in short time taking into 
consideration the two very different types of requirements. 
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